In vivo anti-diabetic effects of aqueous and methanolic macerated extracts from Atractylis gummifera
Introduction
Diabetes is a chronic disease characterized by insulin deficiency or resistance (OMS, 1999) . The treatment of diabetes depends on its typology. Type 1 diabetes is treated with insulin therapy, as for type 2 diabetes, which in addition to diet and lifestyle changes, is treated with oral anti-diabetic agents that have a beneficial effect on lowering blood glucose levels, but they also have many adverse effects and contraindication that affect the quality of life of the diabetic patient (Group et al., 1986) .
Several plants such as Allium cepa (Campos et al., 2003) , Gaultheria trichophylla (Alam and Saqib, 2017) , Nigella sativa (Meddah et al., 2009) , Olea europaea (Long et al., 2010) , Origanum vulgare (Lemhadri et al., 2004) , Salvia officinalis (Eidi and Eidi, 2009) , Trigonella foenum-graecum (Hamza et al., 2012) , Verbena officinalis (Sheyla et al., 2011) have been reported to have anti-diabetic effect. Moroccans also use medicinal plants to treat type 2 diabetes (Bellakhdar et al., 1991) . The results of these surveys have revealed a very long list of medicinal plants used in the treatment of type 2 diabetes. To confirm or refute this use, we have opted for a plant which is widely used in traditional Moroccan medicine for the treatment of several diseases such as epilepsy, psoriasis, ulcers and hemorrhage (Hammich et al., 2013; Bnouham et al., 2006) . It is named Atractylis gummifera L., and in Moroccan dialect it is called Added or Chouk el Elk.
A. gummifera is considered a toxic plant, but its toxicity depends on the dose, the part of the plant ingested and how it is prepared (Vallejo et al., 2009 ). However, studies have shown that this plant has a beneficial effect in free radical scavenging and prevention against oxidative stress (Khadhri et al., 2015) which is a triggering factor for several metabolic diseases including diabetes (Asgharpour et al., 2013) .
To verify the anti-diabetic properties of A. gummifera,
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we tested in vitro the hypoglycemic effect of eight aqueous and organic extracts of this plant by inhibiting α-amylase, α-glucosidase and β-galactosidase, the enzymes responsible for the digestion of polysaccharides and therefore for increasing blood glucose levels. Thus, we have selected two extracts that have proved to be the most active and which are aqueous and methanolic macerates (Bouabid et al., 2018) . This in vitro activity has bio-guided us in this study, the objective is to evaluate in vivo the hypoglycemic effect of A. gummifera in diabetic mice.
Materials and Methods

Chemicals used
Streptozotocin, nicotinamide and methanol were purchased from the Sigma-Aldrich (USA).
Plant material
The harvest of A. gummifera was carried out in the Commune of Tahla, Province of Taza, which is located in the region of Fez-Meknes, Morocco. The botanical identification of the species of A. gummifera was made using the available flora (Quezel and Santa, 1990; Tela Botanica, 2012; Valdés et al., 2002) 
Preparation of extracts
Two extracts were prepared by maceration and based on the results of the in vitro study (Bouabid et al., 2018) . The aqueous/methanol macerate was prepared by dissolving the plant material composed of the underground part of the A. gummifera in cold water/methanol for 24 hours.
Animals used
The male Swiss Albino mice (weight: 25-35 g) were used and obtained from the animal house of the Faculty of Medicine and Pharmacy, Mohammed V University of Rabat-Morocco. All animals were housed in collective cages at room temperature (25°C) and lit on a cycle of 12 hours of light over 12 hours of dark with access to water and food.
Acute toxicity
Two groups of mice (n=6) selected by random sampling were used for the study of acute toxicity of aqueous or methanol macerate extract by gastric gavage in a single dose (2,000 mg/kg) after being fasted overnight, providing only water. Then, the mice were monitored during the first 30 min after force-feeding, first 24 hours and daily for 14 days.
Diabetes induction
The induction of diabetes was made by intraperitoneal injection of freshly prepared solution of streptozotocin (200 mg/kg), followed by an injection of nicotinamide (210 mg/kg) (Junod, 1967) . The induction of diabetes was checked one week later by blood glucose measurement using the On call plus meter 01554. In case of mouse with a fasting glucose level greater than 126 mg/dL, the measurements were done twice before inclusion as diabetic model (Junod, 1967) .
Treatment
Thirty mice were divided into five groups: a) Nondiabetic; b) untreated diabetic; c) diabetic treated with aqueous macerate of A. gummifera; d) diabetic treated with methanol macerate of A. gummifera; e) diabetic treated with metformin (300 mg/kg).
The diabetic mice were treated with either aqueous or methanol macerate of A. gummifera at a dose of 500 mg/ kg corresponding to a quarter of the dose tested in the acute toxicity study of 2,000 mg/kg.
Follow-up
During the entire treatment period of 5 weeks, the followings were assessed: a) Daily: By measuring the body weight, b) Weekly: By measuring the fasting blood glucose. The blood was taken during fasting from the tail of the mouse before gastric gavage to determine the blood glucose level. The results were expressed in terms of milligrams per deciliter of blood.
The percentage decrease in blood glucose is calculated by the following equation:
%Decrease in blood glucose = [(final blood glucoseinitial blood glucose) / initial blood glucose] × 100
At the end of treatment, the blood sample was drawn from the mice for the assay of several biochemical parameters.
In addition to the measurement of the fasting blood glucose once a week during the entire period of study, the determination of the glucose level was also carried out in the serum of different groups of mice at the end of treatment (Trinder, 1969) .
Biochemical parameters
The established methods were used for the determination of creatinine (Fabiny and Ertingshausen, 1971) , total proteins (Watanabe, 1986) , free and esterified cholesterol (Allain et al., 1974) , and triglycerides (Bucolo and David, 1973) .
The determination of aspartate aminotransferase was based on the catalysis transfer of the amine group of aspartate to 2-oxoglutarate by ASAT, forming oxaloacetate and glutamate (Approved recommendations, 1985a) . The determination of alanine aminotransferase was based on the transfer of the amino group from alanine to 2-oxoglutarate by ALAT, forming pyruvate and glutamate according to the method which was based on measuring the quantifiable staining intensity by spectrophotometer at 340 nm (Approved recommendations, 1985b).
Statistical analysis
Results were expressed as mean of six mice from each group ± standard error mean (SEM). Data of body weight and fasting blood glucose of different groups of mice during the treatment period were analyzed by two -way analysis of variance (two-way ANOVA) Bonferroni post-test. As for biochemical parameters they were analyzed by one-way analysis of variance (one-way ANOVA) Tukey posttest using the software GraphPad Prism. Differences were considered significant at p<0.05.
Results
Extraction yield
The extraction yields for aqueous macerate and methanol macerate were 24.5 and 6.7% respectively.
Acute toxicity
No death was observed for mouse after being given aqueous and methanolic macerates of A. gummifera at a dose of 2,000 mg/kg. Similarly, mice showed no signs of toxicity such as behavioral changes, tremors, seizures, salivations, diarrhea, sleep, or coma. This means that the extracts were safe at 2,000 mg/kg.
Body weight
A gain in body weight was observed in the diabetic mice treated with either metformin, aqueous macerated or macerated methanol with statistically insignificant differences between these groups (data not shown). However, a decrease in weight was observed in the untreated diabetic group which had an average weight at baseline of 27.1 ± 1.3 g and became 24.2 ± 1.0 g with statistically significant difference between the beginning and the end of treatment period.
Fasting blood glucose level
The results of the weekly blood glucose measurement during the 5 weeks show a normal glucose level in nondiabetic mice averaging 101 ± 1.0 mg/dL (Figure 1 ). The administration of streptozotocin to mice resulted in the destruction of β-cells of the islets of Langerhans responsible for the secretion of insulin, which explains high glucose level in the blood of untreated diabetic mice 387.5 ± 43.6 mg/dL. During the treatment of diabetic mice, a significant decrease in the level of blood glucose was found in the first week of treatment of diabetic mice compared to untreated diabetic mice, whether the treatment was by aqueous and methanolic macerates of A. gummifera or by the reference medicine, metformin. This decrease in glucose level was better in diabetic mice treated with aqueous macerate (-62.7%), followed by diabetic mice treated with metformin (-59.4%), and in the third place, the mice treated with methanolic macerate (-37.1%) with statistically significant differences between the three groups.
Biochemical parameters
The aspartate and alanine transaminase levels for nondiabetic mice were 137.2 ± 11.6 and 40.7 ± 2.5 IU/L, respectively. However, untreated diabetic mice showed a significant increase in these enzymes by compared to non-diabetic mice with respective aspartate and alanine transaminase values of 389.6 ± 58.1 and 315 ± 49.0 IU/L. Similarly, the level of these enzymes increased with statistically significant differences in the diabetic mice treated with metformin compared to non-diabetic mice with respective aspartate and alanine transaminase values of 283.2 ± 22.4 and 50.7 ± 3.3 IU/L. In addition, mice treated with A. gummifera macerates showed an increase in aspartate and alanine transaminase levels with a statistically significant difference compared to normal mice with respective values of aspartate and alanine transaminase of 484.2 ± 8 and 142.2 ± 2 IU/L for the aqueous macerate and 506.5 ± 89 and 342.8 ± 96 IU/ L for the macerated methanol. However, the increase in the level of these enzymes was much greater in the macerated methanol than the aqueous macerate. The aqueous macerate is less hepatotoxic than methanolic macerate (Figure 2 ).
Urea and creatinine levels
The mean urea and creatinine values in non-diabetic mice were 0.3 ± 0.0 and 3.8 ± 0.2 mg/L, respectively. They increased significantly in untreated diabetic mice with urea and creatinine values of 0.3 ± 0.0 and 4.7 ± 0.2 mg/L. This increase in serum creatinine and urea concentration in diabetic mice dropped significantly in diabetic mice treated with macerates of A. gummifera and metformin. Indeed, the creatinine level became 2.3 ± 0.6 mg/L after treatment of diabetic mice by aqueous macerate, and 3.2 ± 0.6 mg/L after treatment with macerated methanol, and 3.7 ± 0.2 mg/L after treatment with metformin with differences statistically insignificant between these last three groups and significant compared to the tested mice, non-diabetic mice and untreated diabetic mice (Figure 2 ).
Cholesterol and triglycerides
The cholesterol and triglyceride levels in non-diabetic mice were 1.0 ± 0.2 and 0.6 ± 0.0 g/L respectively. While hypercholesterolemia and hypertriglyceridemia were observed in untreated diabetic mice with a statistically significant difference compared to non-diabetic mice with respective values of 1.3 ± 0.1 and 1.3 ± 0.1 g/L (Figure 2 ). The administration of the aqueous macerate of A. gummifera decreased cholesterolemia and serum triglyceride levels in diabetic mice with statistically significant differences compared to untreated diabetic mice and non-diabetic mice in the range of 1.2 ± 0.1 and 0.9 ± 0.1 g/L. Similarly, metformin decreased the lipid profile in diabetic mice with respective cholesterol and triglyceride values of 1.1 ± 0.1 and 0.9 ± 01 g/L and with statistically significant differences compared to untreated diabetic mice and non-diabetic mice, and non 
Total proteins
The total protein level in non-diabetic tested mice was 62.3 ± 3.4 g/L, but decreased with a significant difference in untreated diabetic mice to 57.2 ± 2.7 g/L. This explains the weight loss of these mice. However, treatment of diabetic mice with A. gummifera macerates increased serum total protein levels with respective values for aqueous macerate and methanol macerate of 63.3 ± 2.8 and 78.8. ± 2.5 g/L with a statistically significant difference between these two extracts, and also compared to untreated diabetic mice and nondiabetic mice (data not shown).
Discussion
In the present study, the extracts of A. gummifera (macerated aqueous and methanolic) possess in vivo an anti-diabetic activity which makes it possible to correct the glycaemia and to prevent the complications of diabetes mellitus.
In the literature in vivo, no study on the anti-diabetic activity of A. gummifera has been performed previously, but our results are in agreement with other studies conducted on Moroccan and international plants that have shown that plant extracts can reduce blood glucose and renal and hepatic dysfunction in diabetic mice such as N. sativa (Benhaddou et al., 2011; Labhal et al., 1999) , and E. angustifolia fruited of China (Wang et al., 2018) . Moreover, the therapeutic dose that we have used (500 mg/kg) is much lower than the toxic dose and is similar to the most commonly dose of plant used for the treatment of diabetes mellitus as garlic alcoholic extract (500 mg/kg) which has reduced blood sugar to 57% (Eidi et al., 2006; Thomson et al., 2007) .
Furthermore, our study differs from others works by the effectiveness of aqueous extract cold prepared (macerated), which will make it easier to prepare the oral anti-diabetic based on A. gummifera and will minimize the secondary effects. The extraction with solvents is used for isolation of different compounds, and yield of the extracts have a strong relationship with the solvent employed, mainly due to the different polarity of compounds obtained (Moure et al., 2001) . For this reason, two solvents were assayed in this work (water and methanol) and the yield of the aqueous extract was much better than methanol macerate which is attributed to the polarity of water which is greater than the polarity of methanol, and the molecules that A. gummifera contains have a greater affinity for water than methanol. Many similar works have shown that when the polarity of the solvent decreased the extraction yield decreased in the same order (A. Fernández-Agulló et al., 2013; Al-Farsi and Lee, 2008) .
In this study, diabetic mice showed a significant increase in blood sugar levels compared to normal mice. This can be due to streptozotocin which damages the pancreatic islet β-cells, and prevents the normal secretion of insulin, thus causing an increase in blood glucose levels. Also, results showed that aqueous macerated of A. gummifera can significantly (p<0.05) reduce blood glucose in diabetic mice, which it's presumably due to reducing the damage of streptozotocin to pancreatic β-cells and enhancing the secretion of insulin (Wang et al., 2018) . Also this decrease in blood sugar can be attributed to the richness of this extract in phenolic compounds (polyphenols and flavonoids) and in tannins (Bouabid et al., 2018) which are known for their ability to increase insulin sensitivity by the users' organs (liver, adipose tissue, muscle) and/ or inhibit the polysaccharide degradation process Asgharpour et al., 2013) .
In addition, a weight loss in untreated diabetic mice which is a clinical sign of discontinuation in the storage of glucose in the form of glycoprotein and glycolipids.
It is a sign of the release of the process of glycogenolysis, lipolysis and proteolysis which will be triggered for obtaining ATP. The latter will subsequently cause weight loss in the untreated diabetic mice (Martin et al., 2017) . However, type 2 diabetes is characterized not only by an imbalance in glucose homeostasis, but especially by a micro and macro angiopathic complications, hence the need to analyze the biochemical parameters like aspartate and alanine transaminase which are the enzymes that were released after the destruction of the cells of the liver. So, the higher level of these enzymes was the risk of developing liver failure, which is noted in all our treated or untreated diabetic mice. However, the aqueous macerate is less hepatotoxic than methanolic macerate which allows us to deduce that the use of an organic solvent is more hepatotoxic than the aqueous extract. This increase can be attributed to the hepatotoxic effect of streptozotocin used for the induction of diabetes; which is already reported in the literature (Palsamy et al., 2008) . In addition, the increase in these enzymes may be an indication of hepatic necrosis developed in diabetic mice (Larcan et al., 1979) .
We also dosed creatinine and urea which are considered as specific markers of renal dysfunction (Almadal and Vilstrup, 1988) , cholesterol and triglyceride which are responsible for micro and macro angiopathic complications (Taylor et al., 2013) , we found that A. gummifera aqueous macerate is the best extract that can prevent micro and macro angiopathic complications in diabetic subjects as well as methanol macerated which was able to restore total protein level to normal. Therefore, the aqueous macerate of A. gummifera may well be a promising source of an oral anti-diabetic that would restore the level of glucose in the blood to normal, prevent the complications of diabetes and reduce insulin resistance. Besides, this extract has a very important role in inhibiting the enzymes responsible for the degradation of polysaccharides that has been demonstrated in vitro (Bouabid et al., 2018) . Indeed, phytochemical screening revealed that the aqueous macerate of A. gummifera is an extract that contains tannins and flavonoids (Bouabid et al., 2018) . Hence, molecular synergy has a beneficial effect in this case, which explains the action of this extract on several biochemical parameters and the restoration of their values back to normal.
Conclusion
The extracts of A. gummifera (macerated aqueous and methanolic) possess in vivo a significant anti-diabetic activity.
Ethical Issue
The acute toxicity study was conducted according to the method described in OECD Guideline 425 of the Organization for Economic Co-operation and Development.
The ethics approval was obtained from Mohammed V University in Rabat under the responsibility of the Central Animal and Laboratory of Pharmacology and Toxicology of the Faculty of Medicine and Pharmacy of Rabat. The study was conducted in accordance with the principles outlined in the Guide for the Care and Use of Laboratory Animals prepared by the National Academy of Sciences. Every effort has been made to minimize animal suffering and the number of animals used.
